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ABSTRACT 

Evolu t ion  of an Environmental Cont ro l /Li fe  Support  
System (EC/LSS) i s  reviewed i n  t e r m s  of p r a c t i c a l i t y ,  cost  
cons ide ra t ions ,  and c u r r e n t  technology. 

For purposes of i l l u s t r a t i n g  p r a c t i c a l i t y  one 
p a r t i c u l a r  pa th  of EC/LSS evo lu t ion  i s  desc r ibed  -- from 
Skylab type  systems, t o  a completely c losed  loop system v i a  
an  in t e rmed ia t e  s t e p  involv ing  wash water recovery.  Based on 
hardware added, i n t e r f a c e s  between new and e x i s t i n g  components, 
and c o n t r o l  and monitor ing requirements  it i s  shown t h a t  t h e  
i n t e r m e d i a t e  s t e p  i s  r e l a t i v e l y  s imple and t h e  f i n a l  s t e p  i s  
p r a c t i c a l l y  a complete system change. 

Resu l t s  of t h e  General Dynamics " B a s i c  Subsystem 
Module" s tudy  are reviewed. I n  t h a t  s tudy ,  evo lu t ion  of t h e  
power, thermal c o n t r o l ,  s t r u c t u r e ,  and EC/LSS systems w a s  
considered.  I t  w a s  shown t h a t  t o t a l  cost  i n c r e a s e s  w i t h  t h e  
number of evo lu t iona ry  s t e p s  and t h a t  annual  funding can only 
be reduced, as compared wi th  d i r ec t  development of t h e  f i n a l  
system, if adequate  t i m e  phasing is allowed between evolu t ion-  
a r y  s t e p s .  

expe r i ence  wi th  i n t e g r a t e d  c losed  loop EC/LSS systems, s o  
t h a t  an evo lu t iona ry  approach is  n o t  r equ i r ed  on t h e  b a s i s  
of  technology s t a t u s .  

F i n a l l y ,  i t  is  shown t h a t  NASA has s i g n i f i c a n t  
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INTRODUCTION 

A r e c e n t  p r e s e n t a t i o n  on an a l t e r n a t e  Space S t a t i o n  
c o n f i g u r a t i o n  (Ref. 1) included c o n s i d e r a t i o n  of an evo lu t iona ry  
approach t o  subsystems development as a p o s s i b l e  means of  redu- 
c i n g  Space S t a t i o n  i n i t i a l  c o s t  and annual  funding. As an 
example of evo lu t ion ,  Reference 1 d i scussed  t h e  environmental  
c o n t r o l / l i f e  suppor t  (EC/LS) system and t h a t  d i s c u s s i o n  i s  
e l a b o r a t e d  on he re in .  

The a l t e r n a t e  Space S t a t i o n  c o n f i g u r a t i o n  comprised 
t w o  modules -- a l i v i n g  or h a b i t a b i l i t y  module and a systems 
module which can be r ep laced  i n  o r b i t  and r e tu rned  t o  e a r t h .  
T h e  systems module incorpora ted  power, a t t i t u d e  c o n t r o l ,  
s t a b i l i z a t i o n ,  thermal  c o n t r o l ,  checkout, and m o s t  of t h e  
communications and EC/LS systems. Evolut ion w a s  t o  be i m -  
plemented by in t roduc ing  improved systems modules. 

For purposes  of i l l u s t r a t i n g  requirements  and prac- 
t i c a l i t y  one p a r t i c u l a r  p a t h  of EC/LS system e v o l u t i o n  i s  des- 
c r i b e d .  Following t h i s  i s  a review of the  r e s u l t s  of an  e a r l y  
i n v e s t i g a t i o n  by General Dynamics on d e f i n i t i o n  and evo lu t ion  
of a systems module which serves t o  i l l u s t r a t e  cost  a s p e c t s  
of e v o l u t i o n .  F i n a l l y ,  t h e  s t a t e -o f - the -a r t  of i n t e g r a t e d  
EC/LS systems i s  reviewed. 

TYPES OF EVOLUTION 

General ly ,  Space S t a t i o n  systems e v o l u t i o n  can  occur  
i n  t h e  f o r m  of 

added capac i ty ,  

added func t ions  or subsystems, and 

improved subsystems. 
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Evolut ion by added capac i ty  impl ies  t h a t  Space S t a t i o n  o p e r a t i o n s  
s tar t  on a r e l a t i v e l y  s m a l l  s c a l e ,  and du r ing  t h e  l i f e  of t h e  
s t a t i o n  capac i ty  would be  inc reased  by adding modules o r  subsystems 
fo r  inc reased  power, c r e w ,  o r  volume. Evolu t ion  i n  t h e  form of 
new func t ions  might e n t a i l  such s t e p s  as adding oxygen and water 
rec lamat ion .  Evolut ion i n  the  form of improved subsystems would 
be a means of improving t h e  performance of e x i s t i n g  func t ions .  
Examples inc lude  subsystem replacements t h a t  have h i g h e r  reli-  
a b i l i t y  and/or performance, reduced maintenance requirements ,  
o r  e l i m i n a t e  o p e r a t i o n a l  c o n s t r a i n t s .  

Evolut ionary approaches mean less development i n i t i a l l y ;  
therefore, t h e  i n i t i a l  cost of such a s t a t i o n  should  be lower 
than  f o r  t h e  d e s i r e d  f i n a l  s t a t i o n  conf igu ra t ion .  

CHARACTERISTICS O F  ONE POSSIBLE EVOLUTIONARY PATH 

An approach f o r  an  evo lu t iona ry  EC/LSS w a s  examined 
u t i l i z i n g  a l i f e  suppor t  concept s imi l a r  t o  Skylab t o  form t h e  
s t a r t i n g  p o i n t  f o r  evo lu t ion .  The i n i t i a l  system would u l t i -  
mately evolve i n t o  a f u l l y  integrated EC/LSS t h a t  r egene ra t e s  
atmosphere and water supp l i e s .  

The evo lu t iona ry  path cons idered  f o r  t h i s  s tudy  
invo lves  added func t ions  and improved subsystems and i s  noted 
i n  F igu re  1. 
B r i e f l y ,  s t e p  1 i s  similar t o  Skylab. Water f o r  showers, 
dishwashing, clotheswashing, and consumption is  r e supp l i ed  as 
w e l l  as metabol ic  oxygen and cabin  atmospheric  leakage.  I n  
s t e p  2 wash water and f e c a l  f l u s h  w a t e r  are recovered,  pro- 
cessed ,  and reused  for  t h e  same purpose.  Considerable  sav ings  
i n  resupply  weight amounting t o  over 2 2  lb/man-day of w a t e r  
(depending on wash requirements) r e s u l t .  I n  a d d i t i o n ,  a cryo- 
g e n i c  atmosphere s t o r a g e  system i s  s u b s t i t u t e d  f o r  t h e  gaseous 
system t o  reduce resupply  weight by reducing tankage weight.  
F i n a l l y ,  i n  s t e p  3,  u r i n e  and humidity condensate are recovered 
and processed  fo r  use  i n  the  p o t a b l e  water supply,  and oxygen 
i s  r egene ra t ed  f r o m  C02 v i a  a S a b a t i e r  reactor and w a t e r  

e l e c t r o l y s i s .  
must s t i l l  be r e supp l i ed  t o  meet oxygen gene ra t ion  (by elec- 
t r o l y s i s )  and r e p r e s s u r i z a t i o n  requirements  r e s p e c t i v e l y .  

Evolut ion by increased  c a p a c i t y  i s  n o t  considered.  

Small q u a n t i t i e s  of w a t e r  and gaseous oxygen 
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Resupply requirements are reduced wi th  each evo lu t iona ry  
s t e p .  As i n d i c a t e d  i n  F igure  2 a r educ t ion  of 23,520 l b  p e r  quar- 
ter  i s  p o s s i b l e  f o r  a 6 man c r e w  by evolv ing  from s t e p  1 t o  s t e p  3 .  
T h i s  i s  achieved by t h e  a d d i t i o n  of more hardware. I n  t h i s  evolu- 
t i o n a r y  example t h e  a d d i t i o n a l  hardware costs f o r  oxygen and w a t e r  
r egene ra t ion  l e a d  t o  sav ings  i n  l o g i s t i c s  costs and t h i s  must be 
considered i n  t h e  i n i t i a l  s e l e c t i o n  process .  

An i n d i c a t i o n  of t h e  p r a c t i c a l i t y  of e v o l u t i o n  i s  given 
by t h e  ease of i n t e g r a t i n g  new o r  improved subsystems i n t o  an 
e x i s t i n g  system. This  depends on t h e  i n t e r f a c e s  between EC/LS 
subsystems and o t h e r  s p a c e c r a f t  subsystems, and between new and 
e x i s t i n g  EC/LS subsystems. These i n t e r f a c e s  c o n s i s t  of l i q u i d ,  
gas ,  and e lec t r ica l  power l i n e s ,  and l i n e s  f o r  c o n t r o l  and moni- 
t o r i n g .  

A schematic  of t h e  evo lu t iona ry  EC/LSS, F igure  3, 
i l l u s t r a t e s  t h e  i n t e r f a c e  complexity and the  hardware a d d i t i o n s  
f o r  each evo lu t iona ry  s t e p .  Several p o i n t s  are apparent .  T h e  
complete EC/LSS, s t e p  3 ,  r e q u i r e s  more hardware and plumbing 
and i s  much more complex than s t e p  1. S tep  2 appears  t o  be a 
r e l a t i v e l y  s imple s t e p  i n  t h a t  it has only an N 2  p r e s s u r i z a t i o n  
gas  i n t e r f a c e  w i t h  the e x i s t i n g  s t e p  1. However, it does have 
thermal c o n t r o l ,  power, c o n t r o l  and monitor ing,  and cabin  a i r  
c i r c u l a t i o n  i n t e r f a c e s  w i t h  o t h e r  subsystems i n  t h e  system 
module. This  s t e p ,  because of other subsystem i n t e r f a c e s ,  must 
be planned on i n i t i a l l y .  For example, plumbing l i n e s  and o t h e r  
p r o v i s i o n s  f o r  a d d i t i o n  of a w e t  john must be i n i t i a l l y  incor -  
p o r a t e d  or  allowed for .  S tep  3 i nvo lves  t h e  a d d i t i o n  of much 
more hardware, has  several important  i n t e r f a c e s  wi th  t h e  e x i s t i n g  
EC/LSS ( s t e p  l), and has many i n t e r f a c e s  w i t h  t h e  thermal  con- 
t r o l ,  power, c o n t r o l  and monitoring, and cab in  a i r  c i r c u l a t i o n  
subsystems. This  f i n a l  s t e p  r e p r e s e n t s  an e x t e n s i v e  evo lu t iona ry  
a d d i t i o n .  

The number of plumbing and power l i n e  connect ions w i t h  
each s t e p  are f a i r l y  w e l l  i n d i c a t e d  i n  F igu re  3 b u t  t h e  many 
c o n t r o l  and monitor ing devices  and senso r s  are no t .  The o u t p u t s  
f r o m  or  i n p u t s  t o  t h i s  i n s t rumen ta t ion  would be via  data buses  
t o  minimize t h e  number of l i n e s  t o  and f r o m  c o n t r o l  and monitor ing 
consoles .  T h i s  ins t rumenta t ion  and t h e  a s s o c i a t e d  so f tware  and 
c o n t r o l  console  requirements  i n t roduce  a d d i t i o n a l  complexity t o  
each  evo lu t iona ry  s t e p .  An i n d i c a t i o n  of t h i s  is  g iven  by t h e  
fo l lowing  l i s t i n g  of t h e  t o t a l  number of s e n s o r s  and c o n t r o l  
d e v i c e s  f o r  an i n t e g r a t e d  EC/LSS (from Reference 2 ) .  
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Water management 73 

Water reclamation 46 

0 h igh  p r e s s u r e  s t o r a g e  9 

N h igh  p r e s s u r e  s t o r a g e  3 
2 

2 

Cabin p r e s s u r e  c o n t r o l  13 

0 gene ra t ion  32 2 

C 0 2  c o l l e c t i o n  20 

Cabin temperature  and humidity 29 

Coolant loop 1 2  

C r e w  p rov i s ions  2 

3 
Tota l  242  

- Face contaminant 

REQUIFG3MENTS FOR EVOLUTION 

S e l e c t i o n  of an evolu t ionary  approach w i l l  r e q u i r e  
s p e c i a l  a t t e n t i o n  t o  va r ious  factors f o r  feasible and o r d e r l y  
evo lu t ion .  Only i n  t h i s  way can i n t e r i m  and f i n a l  systems 
performance be ensured.  

During t h e  i n i t i a l  design phase,  s t u d i e s  are conducted 
t o  select, s i z e  and i n t e g r a t e  t h e  l ife suppor t  subsystems i n t o  
an o p e r a t i o n a l  system. The depth and scope of t h i s  phase i n c l u d e  
t h e  following: 

Prepare  schematics of l i q u i d ,  gas ,  
and in s t rumen ta t ion  connect ions f o r  
a l l  evo lu t iona ry  s t e p s  and d e f i n e  a l l  
component, subsystem and s p a c e c r a f t  
i n t e r f a c e s .  

S i z e  components and plumbing f o r  t h e  
d e s i r e d  f i n a l  evolu t ionary  s t e p  or 
allow f o r  a d d i t i o n s  of components and 
plumbing. 
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Conduct a n a l y s i s  and t es t  of  component 
ope ra t ing  ranges f o r  i n t e r i m  and f i n a l  
conf igu ra t ions .  

E s t a b l i s h ,  and design f o r ,  t h e  r equ i r e -  
ments of evolu t ionary  s t e p s  on o t h e r  
s p a c e c r a f t  systems such as power, thermal 
c o n t r o l ,  monitor ing and c o n t r o l .  

Configure t h e  system t o  m e e t  packaging 
and maintenance requirements.  

Prepare  i n t e r i m  and f i n a l  t es t  programs 
f o r  system eva lua t ion .  

The f i rs t  f o u r  i t e m s  above imply, among other t h i n g s ,  
t h a t  a necessary s t e p  f o r  an  evo lu t iona ry  p rocess  w i l l  be  an 
e v a l u a t i o n  of c o m p a t i b i l i t y  of t h e  va r ious  i n p u t s  and ou tpu t s  
between i n i t i a l  equipment and systems a d d i t i o n s .  T h i s  a lso 
impl i e s  d e t a i l e d  knowledge of t h e  f i n a l  system. To achieve  
t h i s  c o m p a t i b i l i t y  t h e  subsystems must be  designed wi th  s u f f i -  
c i e n t  capac i ty  and broad ope ra t ing  range. (Otherwise ,  modular 
a d d i t i o n s  would be r equ i r ed . )  The primary areas t o  be eva lua ted  
are 

f l u i d  and gas flow rates 

system des ign  p res su res  and tempera tures ,  

h e a t  loads (both inpu t  and r e j e c t e d ) ,  

e lec t r ica l  power requirements,  and 

c o n t r o l  and monitoring in s t rumen ta t ion .  

As prev ious ly  d i scussed  s t e p  3 i s  a major a d d i t i o n ,  and p l a c e s  
a s i g n i f i c a n t  demand n o t  only on t h e  EC/LSS b u t  a l so  on t h e  
s p a c e c r a f t  suppor t ing  systems. An example i s  t h e  inc reased  
load on t h e  e lectr ical  supply and thermal  c o n t r o l  system wi th  
t h e  a d d i t i o n  of s t e p  3 .  

step 1 w a s  dumped overboard) must now be d e l i v e r e d  t o  t h e  C 0 2  

r e d u c t i o n  u n i t .  
u n i t  ope ra t ion  must be ensured by t h e  a d d i t i o n  of an accumulator 
t h a t  permi ts  cont inuous or c y c l i c  ope ra t ion .  

Also i n  s t e p  3 ,  t h e  C02 (which du r ing  

H e r e ,  s u f f i c i e n t  C02 f o r  S a b a t i e r  r educ t ion  
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Subsystems u n i t s  of an EC/LSS are s i z e d  p r i m a r i l y  on 
t h e  b a s i s  of crew s i z e  and t h e i r  metabol ic  and l i f e  suppor t  
requirements .  Secondary cons ide ra t ions  are t h e  p r o v i s i o n s  f o r  
s y s t e m s  module volume f o r  s t o r a g e  and access f o r  m a i n t a i n a b i l i t y .  
S ince  u n i t  s i z e  and systems module s i z e  are based on these para-  
meters, it w i l l  be mandatory t h a t  complete c o n f i g u r a t i o n  ana lyses  
be made du r ing  t h e  i n i t i a l  design phase.  

GENERAL DYNAMICS B A S I C  SUBSYSTEMS MODULE 

A pre l iminary  d e f i n i t i o n  of a systems module s i m i l a r  
t o  t h a t  de f ined  f o r  t h e  a l t e r n a t e  Space S t a t i o n  ( r e f .  1) w a s  
made by General Dynamics i n  1967 ( r e f .  3 ) .  T h i s  ear l ier  concept ,  
c a l l e d  t h e  "Basic Subsystem Module" (BSM),  w a s  t o  be adap tab le  
t o  a v a r i e t y  of long du ra t ion  space  missions i n  l o w  e a r t h  and 
synchronous o r b i t s .  Seve ra l  conf igu ra t ions  s a t i s f y i n g  v a r i e d  
power, c r e w  s i z e ,  l i f e ,  and log is t ics  requirements  were i d e n t i -  
f i e d  and e v o l u t i o n  t o  more advanced conf igu ra t ions  w a s  s t u d i e d .  
I n i t i a l  c o n f i g u r a t i o n s  w e r e  to  be a v a i l a b l e  i n  1 9 7 1  and t h e  
f i n a l  v e r s i o n  i n  1973. 

Various BSM conf igu ra t ions  (exc luding  those  in tended  
f o r  synchronous o r b i t )  are def ined  i n  F igure  4 .  I t  can be noted 
t h a t  t h e  conf igu ra t ions  gene ra l ly  p rogres s  i n  capac i ty  ( i .e. ,  
c r e w  and power), complexity, resupply  pe r iod ,  and l i f e t i m e .  The 
f irst  conf igu ra t ion  or ' 7 1  Low E a r t h  O r b i t  MDA uses  some Skylab 
type  systems and t h e  Mul t ip le  Docking Adapter s t r u c t u r e .  I t  
suppor t s  3 men w i t h  a p a r t i a l l y  open loop l i f e  suppor t  system 
on a 90  day resupply pe r iod  a t  a 5 KW power level.  A new s t r u c -  
t u r e ,  suppor t  f o r  6 men f o r  2 y e a r s  w i t h  no resupply,  1 0  KW of 
power, and closed loop l i f e  suppor t  are inco rpora t ed  i n  t h e  f i n a l  
c o n f i g u r a t i o n .  The BSM conf igu ra t ions  e x h i b i t  t h e  t h r e e  types  of 
evolution---added capac i ty ,  added f u n c t i o n s ,  improved subsystems; 
and show evo lu t ion  of  the power, thermal c o n t r o l ,  and s t r u c t u r e  
subsystems as w e l l  as t h e  l i f e  suppor t .  

General  Dynamics estimated development c o s t s  f o r  each 
BSM v i a  d i f f e r e n t  development pa ths .  These r e s u l t s  are shown 
i n  F igu re  5 where t h e  costs f o r  each evo lu t iona ry  s t e p  and t h e  
t o t a l  c o s t  f o r  each pa th  are i n d i c a t e d .  To ta l  cost ranges from 
abou t  $275 m i l l i o n  f o r  d i r e c t  development of t h e  f i n a l  BSM t o  
$475 m i l l i o n  for  a three s t e p  development. The pena l ty  f o r  
i n d i r e c t  development i s  apparent  and r e s u l t s  p r i n c i p a l l y  from 
c o n s i d e r a b l e  d u p l i c a t i o n  o f  e f f o r t  i n  t es t  of new c o n f i g u r a t i o n s .  
C l o s e  s c r u t i n y  of t h e  d e t a i l e d  cost  breakdowns i l l u s t r a t e s  t h i s .  
O f  the t o t a l  non-recurr ing c o s t  f o r  each BSM ( i r r e s p e c t i v e  of  
P a t h )  
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t e s t  hardware accounts f o r  % 2/3, 
(combined test  hardware is  % 1/3) 

t e s t i n g  accounts  f o r  % 1/8, and 

developmental engineer ing  accounts  f o r  % 1/5. 

An an example, going from t h e  ' 7 1  3 man BSM t o  t h e  ' 7 3  BSM 
r e q u i r e s  combined systems test hardware amounting t o  $77 m i l l i o n .  
This i s  i n  a d d i t i o n  t o  $ 4 6  m i l l i o n  f o r  combined system tes t  hard- 
ware of t h e  ' 7 1  3 man BSM. I n  c o n t r a s t ,  d i rec t  development of t h e  
'73  BSM would r e q u i r e  only $77 m i l l i o n  f o r  t h i s  i t e m .  

T e s t  hardware (and development engineer ing)  cost  of 
in t e rmed ia t e  subsystems n o t  p r e s e n t  i n  t h e  f i n a l  BSM are obviously 
a d d i t i o n a l  c o s t  i t e m s  t o  the  f i n a l  evo lu t iona ry  developed BSM. 
But t o t a l  c o s t  i s  n o t  t h e  s o l e  c r i t e r i o n  t o  e v a l u a t e  evolu t ion-  
a r y  development. I n i t i a l  costs of s imple r  conf igu ra t ions  are 
cheaper,  and i f  t h e  nex t  evolu t ionary  development does n o t  occur  
t o o  soon, annual  funding can be reduced. However, F igure  6 shows 
t h a t  t h e  phasing between B S M ' s  i n  t h e  General Dynamics p l a n  i s  
too s h o r t  and r e s u l t s  i n  h igher  annual  manpower ( and  cost)  than  
r e q u i r e d  fo r  an independently developed (non-evolutionary) BSM. 

TECHNOLOGY STATUS 

A c t i v i t y  d i r e c t e d  towards development of i n t e g r a t e d  
environmental  c o n t r o l / l i f e  suppor t  systems has been underway 
a t  NASA f o r  some t i m e .  T h i s  e f f o r t  inc ludes  des ign ,  f a b r i c a t i o n ,  
and t e s t i n g  of components and e n t i r e  systems. F igure  7 ,  based 
on Reference 4 ,  summarizes experience w i t h  i n t e g r a t e d  systems. 
Work on t h e  " I n t e g r a t e d  L i f e  Support  System" (ILSS) a t  Langley 
Research Center  emphasized subsystem development and provided 
u s e f u l  d a t a  on systems i n t e g r a t i o n  requirements .  O t h e r  s t u d i e s ,  
i nvo lv ing  60 and 90  day manned tes ts  w e r e  conducted i n  t h e  
"Douglas Space Cabin Simulator" 
Ob jec t ives  of t h e  cab in  s imula tor  t e s t i n g  were t o  determine 
o p e r a t i n g  characterist ics and power requirements  of subsystems; 
t o  measure mass and thermal  balance; i n v e s t i g a t e  on-board 
o p e r a t i o n ,  r e p a i r  and maintenance; and determine man-system 
i n t e r a c t i o n s .  

(a l so  sponsored by Langley) .  
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Cur ren t  a c t i v i t y  inc ludes  development of a so c a l l e d  
"Space S t a t i o n  Pro to type  Environmental and Thermal Cont ro l /Li fe  
Support" (SSP). Hamilton Standard,  under c o n t r a c t  t o  MSC is  
f a b r i c a t i n g  t h e  SSP. The i n t e n t  of t h e  program i s  t o  develop 
a pro to type  which provides  a b a s i s  f o r  d e f i n i n g  subsystem re- 
quirements;  e v a l u a t e  subsystem and system performance; and 
develop systems l e v e l  technology i n  t h e  areas of m a i n t a i n a b i l i t y ,  
packaging, f a u l t  detection and automation. P rev ious ly  developed 
subsystems, summarized i n  F i g u r e  8, are used throughout.  Con t rac t  
completion i n c l u d i n g  t e s t i n g  is scheduled f o r  e a r l y  1973. 

The AILSS or "Advanced I n t e g r a t e d  L i f e  Support  System" 
( ref .  2 )  i s  a conceptual  study in tended  t o  provide  a focus f o r  
advanced subsystem development. Some advanced subsystems have 
a l r e a d y  been f a b r i c a t e d .  

The preceeding review i n d i c a t e s  t h a t  i n t e g r a t e d  EC/LSS 
p lanning  and technology i s  q u i t e  advanced. T h i s  technology en- 
compasses t h e  components noted i n  t h e  example evo lu t iona ry  p a t h  
and t h e  BSM. Moreover, t h e  component technology i s  very nea r ly  
s t a t e -o f - the -a r t .  I t  fol lows t h a t  any r a t i o n a l e  f o r  EC/LSS evolu- 
t i o n  from open loop systems, rather than  d i rec t  development, cannot  
be based on immature technology. 

SUMMARY AND CONCLUSIONS 

Evolu t ion  of an EC/LSS has been reviewed i n  t e r m s  of 
requirements  and p r a c t i c a l i t y ,  cost ,  and n e c e s s i t y  based on 
c u r r e n t  technology s t a t u s .  

Evolu t ion  i s  feasible i f  planned i n i t i a l l y .  This  
e n t a i l s  des ign  and a n a l y s i s  of a l l  evo lu t iona ry  s t e p s ,  p roper  
component and plumbing s i z i n g ,  and e s t ab l i shmen t  of des ign  re- 
quirements  on o ther  subsystems. The complexity of each evolu- 
t i o n a r y  s t e p  i s  approximately i n d i c a t e d  by t h e  amount of hardware 
added, t h e  i n t e r f a c e s  between new and e x i s t i n g  components and 
subsystems, and the  e x t r a  monitoring and c o n t r o l  r equ i r ed .  With 
r e g a r d  t o  t h e  EC/LSS it is shown that  a r e l a t i v e l y  s imple evolu- 
t i o n a r y  s t e p  from a Skylab type system would be t o  r e c y c l e  wash 
w a t e r .  I n  c o n t r a s t ,  evolving t o  a c losed  loop EC/LSS wi th  com- 
p l e t e  water and oxygen r ecyc l ing  has major impact--much new 
hardware i s  added and a l l  components of t h e  EC/LSS as w e l l  as 
o ther  s p a c e c r a f t  systems are a f f e c t e d .  

An earlier s tudy  by General Dynamics of an evo lu t iona ry  
systems module cons idered  evo lu t ion  of t h e  power, thermal  c o n t r o l ,  
EC/LSS, and s t r u c t u r e  subsystems. Evolu t ion  t o  added c a p a c i t y ,  
added f u n c t i o n s ,  and improved subsystems w a s  exh ib i t ed .  I t  w a s  
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shown t h e r e  t h a t  evo lu t ion  s i g n i f i c a n t l y  i n c r e a s e s  t o t a l  develop- 
ment cost, p r i n c i p a l l y  as a r e s u l t  of r epea ted  combined systems 
t e s t i n g  f o r  each evo lu t iona ry  s t e p .  Therefore ,  it i s  d e s i r e d  
t o  minimize t h e  number of s t e p s .  I t  i s  a l so  shown t h a t  annual  
funding a s s o c i a t e d  w i t h  evolu t ionary  development can only be 
reduced i f  t h e  evo lu t iona ry  s t e p s  are w e l l  spaced i n  t i m e .  

F i n a l l y ,  development of a c losed  loop EC/LSS v i a  an 
evo lu t iona ry  pa th  i s  n o t  r equ i r ed  f o r  reasons of immature tech-  
nology. Experience w i t h  i n t e g r a t e d  systems i s  s i g n i f i c a n t  and 
des ign  and f a b r i c a t i o n  of a pro to type  i s  underway. 

A. S. Kiersarsky  

D. Mdcchia 
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DEVE L O  
MODULE 
LONG-L 
S U B S Y S  
1 5 6 . 5  

DEVELO 
6-MAN 
ECLSS 
LARGE 
111.1 

GENERAL DYNAMICS SUBSYSTEM MODULE 
DEVELOPMENT PATHS AND COSTS ( M I L L I O N S  OF DOLLARS) 

1 9 6 7  ESTIMATE 

FIGURE 5 



YEARS 

Prime Contractor Direct Manpower for '71 BSM L. E. 0. , Six-Man, and '73 BSM 

YEARS 

Prime Contractor Direct Manpower for Independently Developed '73 BSM 

Figure 6 
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SUBSYSTEMS SELECTED FOR THE SSP 

SUBSYSTEMS METHOD STATUS 

CARBON D I O X I D E  MOLECULAR S I E V E  4-MAN I L S S  DEVELOPMENT -- LRC 

I R  AND D AT HSD I N  PROGRESS REMOVAL 

CARBON D I O X I D E  S A B A T I E R  REACTOR ‘+-MAN I L S S  DEVELOPMENT -- LRC 

HSD DEVELOPMENT WORK REDUCTION 

OXYGEN RECLAMATION L I Q U I D  FEED WATER I L S S  SYSTEM -- LRC 
ELECTROLYSIS 4-MAN PROTOTYPE DEVELOPED -- 

ALLIS-CHALMERS 

CONTAMINANT REMOVAL NONREGENE RAB L E  I L S S  SYSTEM -- L R C  

MSC - DEVELOPED HARDWARE CHARCOAL AND 
CATALY T I C OX I DA- 
T I O N  

ATMOSPHERIC SUPPLY L I Q U I D  FEED WATER EXPERIMENTAL C E L L  DEVELOPMENT - 
E LECTROLY S I S GENERAL E L E C T R I C  

ATMOSPHERIC PRESSURE TWO-GAS CONTROL AAP -- MOL HARDWARE 
CONTROL 

NITROGEN GENERATION CRYOGEN1 C STORAGE PROTOTYPE T E S T I N G  -- MSC 
OR AMMONIA CATA- 
L Y T I C  DECOMPOS I - 
T I O N  

H U M I D I T Y  CONTROL EXTERNAL WICK MOL DEVELOPMENT -- HSD 
SEPARATOR AND/ 
OR W AT E R-VAPOR 
E LECTROLY S I S 

1-TO-4-MAN PROTOTYPE DEVELOP- 
MENT -- ARC 

SYSTEM DEVELOPMENT -- HSD 

LABORATORY MODULE T E S T I N G  -- 
MS C 

C A B I N  TEMPERATURE HEAT EXCHANGERS STATE OF THE ART 
AND FANS 

WATER AND WASTE VAPOR COMPRESS I ON 3-MAN INTEGRATED PROTOTYPE 
REVERSE OSMOSIS DEVELOPED -- MSC 

DEVELOPMENT SUPPORT CON- AND M U L T I F I L T R A -  
T I O N  TRACT -- AIRESEARCH 

HEAT TRANSPORT WATER AND FLUORO- STATE OF THE ART 
C I R C U I T S  CARBON 

ECS RADIATOR INTEGRAL, VALVE HARDWARE DEVELOPMENT AND 
S TAGNAT I ON F A B R I C A T I O N  -- L T V  

FIGURE 8 
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